We present a new strategy to optimise the electromagnetic follow-up of gravitational wave triggers. This method is based on the widely used galaxy targeting approach where we add the stellar mass of galaxies in order to prioritise the more massive galaxies. We crossmatched the GLADE galaxy catalog with the AllWISE catalog up to 400Mpc with an efficiency of ∼93%, and derived stellar masses using a stellar-to-mass ratio using the WISE1 band luminosity. We developed a new grade to rank galaxies combining their 3D localisation probability associated to the gravitational wave event with the new stellar mass information. The efficiency of this new approach is illustrated with the GW170817 event, which shows that its host galaxy, NGC4993, is ranked at the first place using this new method. The catalog, named Mangrove, is publicly available and the ranking of galaxies is automatically provided through a dedicated web site for each gravitational wave event.
INTRODUCTION
Gravitational waves from binary neutron star (BNS) coalescence, in association to short gamma-ray burst, opened a new era of multi-messenger astronomy. The event of the 17th august 2017 was a real breakthrough for the multi-messenger astronomy. For the first time, an electromagnetic counterpart of a gravitational wave was observed (Abbott et al. 2017a) . The association with a gamma ray burst (GRB) detected by Fermi-GBM a few seconds after the coalescence provides the first evidence of a link between BNS merger and short gamma ray burst. The huge effort of ground telescopes follow-up in association to the relative small volume of this event localisation in the sky, allowed the identification of the GW electromagnetic counterpart. The multi-wavelength observations improved our understanding of the physics of strong-gravity and put some constraints on astrophysical models related to matter during the merger and post-merger phase. A first constraint of the speed of gravitational waves and violation of Lorentz invariance has been determined from this event (Abbott et al. 2017b ). Both kilonova and afterglow observations provide information about the neutron star equation of state, energy of the ejecta, merger remnant, ambient medium and so on (Abbott et al. 2018c; Hajela et al. 2019; Gill et al. 2019) . Such event also provide a new independent derivation of the Hubble Constant (Coughlin et al. 2019a ). The third LIGO-Virgo run (O3) started the first of April 2019 and multi-messenger astronomy related to gravitational waves with it. With improved sensitivity of the LIGO-Virgo detectors, the year-long third observing run (O3) has already brought his share of merging binaries and promises many more of them. Therefore an intensive multi-wavelength follow-up of those events with ground and space instruments is performed all around the world. But the identification of the electromagnetic counterpart of such event is very challenging knowing the wide sky localization area provided by LIGO-Virgo (which can span more than 1000 deg 2 ) and require complex observation strategies. Many efforts were done recently to optimise the observations for these large sky areas (Ghosh et al. 2016a; Coughlin et al. 2019b) . For large field of view (FoV) telescope the standard approach consists in observing the localisation error box provided by LIGO-Virgo (Singer & Price 2016; Veitch et al. 2015) using an optimised tiling of the sky (Coughlin et al. 2018) . In such standard strategy, the scheduling of the tile observation is provided by the 2D probability distribution from LIGO-Virgo skymaps. More recent works tried to include galaxies population to the strategy (Arcavi et al. 2017; Antolini et al. 2017; Rana & Mooley 2019) . Such developments allow to use the 3D probability distribution from the LIGO-Virgo skymap (and not only the 2D probability) to produce a "galaxy weighting" rank for the tiles. It also allows to provide a scheduling of observation for narrow FoV telescopes. Indeed, with such information we can provide a list of interesting galaxies (i.e. ranked by their 3D position probability inside the LIGO-Virgo skymap) to be observed by these small FoV telescopes. To allow the use of information related to galaxies, one must rely on a galaxy catalog that is sufficiently complete compared to the interferometers sensitivity range. The current binary neutron star range is at 130 Mpc for LIGO Livingston, 110 Mpc for LIGO Hanford, and 50 Mpc for Virgo (Abbott et al. 2018a ). The CLU catalog (Cook et al. 2019) for the north hemisphere contains the WISE1 luminosity information as well as spectroscopic measurement of local galaxies, however it is non publicly available. Therefore, for the purpose of our work, we rely on the publicly available GLADE galaxy catalog (Dálya et al. 2018) which is all-sky and complete up to 100Mpc, and nearly complete up to 150Mpc.
Given the large size of error boxes, the number of galaxies compatible with an event can be very large (>few thousands). In such cases, the classification using the 3D probability only is limited because it will produce similar values for a large number of galaxies. Adding galaxy properties to the ranking is a way to reduce the sample size of interesting galaxies. Among the various galaxies properties that could influence the rate of BNS merger, such as star formation rate (SFR), stellar mass and metallicity, several works pointed out a significant dependence to the stellar mass Toffano et al. 2019; Mapelli et al. 2018 ). Furthermore, short GRB host galaxies are known to be associated to BNS merger since GW170817, and are found in massive galaxies. The short GRB host galaxies are more massive than the long GRBs host galaxies, pointing to the importance of the stellar mass in determining the rate of short GRBs (Leibler & Berger 2010; Berger 2014) . So far, there has been only two identified host galaxies of BNS merger events, GW170817 and short GRB 150101B. They are both massive galaxies with low star formation rates (Xie et al. 2016; Im et al. 2017) . In the light of those information we chose to focus on the stellar mass for the selection of gravitational waves host galaxy candidates.
In Section 2, we describe the general galaxy targeting approach and the new formulation we propose to include the stellar mass information. In the Section 3 we describe the crossmatch between the GLADE and AllWISE catalogs and the stellar mass estimation as well as an estimation of the completeness of the resulting Mangrove (Mass Asso-ciatioN for GRavitational waves ObserVations Efficiency) catalog in terms of stellar mass. In Section 4 we test our method on the GW170817 event. In Section 5 we discuss future development of this method for wide field of view telescopes.
GALAXY TARGETING METHOD
In this section, we first describe the standard galaxy approach using the 3D localisation of the GW skymap, and then we propose a new formulation of the grade used to rank galaxies in order to include the stellar mass information.
Standard approach
In case of a gravitational wave event, LIGO-Virgo rapidly releases a probability skymap based on the distance and two dimensional localisation of the event allowing to constrain the region of the sky to search for the GW electromagnetic counterpart (Singer & Price 2016) . With such skymap we are able to fetch the probability density per unit of volume at a given position . This is used to infer the probability of a given galaxy to be the host of the merger according to its celestial position P pos with the following relation:
Where P pixel is the 2D probability included in the given pixel, N pixel is the normalisation factor for the given pixel, µ pixel is the mean distance value at the given pixel, σ pixel is the standard deviation at the given pixel and D galaxy is the luminosity distance of the galaxy fetched from the galaxy catalog. The outputs of the LIGO-Virgo localization pipelines are HEALPix (Hierarchical Equal Area isoLatitude Pixelization) all-sky images, the skymap we are dealing with is composed of pixels defined by the HEALPix (Górski et al. 2005) format. For the selection of the galaxies, we classified as "compatible" with the skymap, a galaxy which fulfills the two following conditions:
• Its 2D position in the sky as to be in the 90% of the 2D skymap probability distribution.
• Its distance has to fall within the 3 sigma distance error localization at the given pixel of the galaxy.
With such conditions we ensure that telescopes will not point outside of the 90% skymap probability distribution. The conservative choice of 3σ on the distance constraint is motivated by the fact that galaxies with a low distance probability will be always penalised in the ranking process. Regarding the condition on the distance, we use the pixel by pixel information and not the mean distance estimation for the LIGO-Virgo candidate, as in the approach adopted by (Arcavi et al. 2017) . This is more efficient because the distance estimation can be very inhomogeneous in a given skymap. The figure 1 shows the distribution pixel by pixel of the mean distance µ and the standard deviation σ inside the the 90% of the 2D skymap probability distribution for the S190425z candidate during the O3 run. This example of a BNS candidate shows that for a large portion of the skymap the µ and σ at a given pixel are far away from the mean distance evaluation for the whole skymap (155± 45 Mpc in this case). Using pixel by pixel information prevents to dismiss compatible galaxies or select incompatible ones. One of the main advantage of the galaxy targeting is to reduce the amount of observations necessary to cover a given skymap.The figure 2 shows the result of the galaxy targeting for GW170817 with a standard field of view of 20 arcmin. A large part of the skymap is not worth observing because it does not contain any compatible galaxies. A total Figure 1 . The top plot show the probability distribution for the BNS candidate S190425z of O3. The middle and bottom plot are respectively the mean distance and its standard deviation distributions for the pixels inside the the 90% of the 2D skymap probability distribution of 44 pointing are needed to observe all galaxies compatible with the 90% skymap whereas it would have required 144 tiles to cover the entire 90% skymap, which results on significant gain of observational time allocation and revisits.
In such a standard strategy only the 3D position of the galaxy is used, and a more advanced strategy is to include physical properties of the galaxies such as the stellar mass as the host galaxy of BNS counterparts are likely to be found in massive galaxies.
Grade reformulation with stellar mass
In this section, we describe how to take into account the stellar mass information in the galaxy ranking process, in order to prioritize massive galaxies. We introduce a new term P mass defined as:
where M * ,galaxy is the stellar mass of a given galaxy and the sum is over all of the galaxies compatibles with a given skymap (see 2 for the definition). This We first combine this term to the standard grade defined in equation (1) for each galaxy computing the product as: The equation (3) is proposed to fit with (Arcavi et al. 2017) expression to allow a direct comparison of the results (see Section 4), but the drawback of this expression with a simple product is that galaxies for which no stellar mass is available are simply not considered. In order to keep galaxies without stellar mass information, and still use their 3D localisation probability, P pos from equation (1), we propose to redefine the grade defined in equation (3) as:
where α and β are positive real parameters. With such definition, P mass is set to 0 when the stellar mass information is not available to fall back on P pos . The parameter α is defined such that the two terms in equation (4) contribute equally to the total grade, P tot :
where N is the total number of galaxies compatible for a given skymap having a determined stellar mass, and the sum is also over all galaxies compatible for a given skymap having a determined stellar mass. The parameter β is used to weight the importance of P mass in the total grade, it is skymap independent. Ideally, β should be fitted on a statistically significant sample of gravitational wave host galaxies, but as only one event has been detected so far, we simply chose to put β equal to one.
Previous works (Arcavi et al. (2017) ; Salafia et al. (2017) ) chose to include an other factor of the grade which describe the likelihood to detect the counterpart according to limiting magnitude of the observing telescope and the expected magnitude of the source. Such factor can be added to the expression (3) and (4) if needed. We choose not to develop such strategy because first the limiting magnitude of a telescope can vary a lot between two observations (seeing, horizon...) and secondly only one detection of gravitational wave electromagnetic counterpart has been achieved at the moment, so only one one set of data describing the expected kilonova lightcurve is available and assuming a standard lightcurve on a single object could be risky.
ADDING STELLAR MASS TO GLADE CATALOG
In this section we aim at adding the stellar mass for the GLADE galaxy catalog. In the first part, we describe how to derive the stellar mass from the WISE1 band luminosity. In the second part we study the completeness of the Mangrove catalog resulting from the crossmatch between GLADE and AllWISE catalogs.
WISE1 band as a prob of stellar mass
We rely on the GLADE galaxy catalog to retrieve the galaxies compatible for a given GW skymap. In this catalog, the B, J, H and K band magnitudes are provided for some of the galaxies. Previous work (Arcavi et al. 2017 ) used the B band magnitude included in the GLADE catalog as an indicator of the stellar mass. However, the B band is sensitive to the star formation history and can be strongly affected by dust extinction (Cardelli et al. 1989; Fitzpatrick & Massa 2007) . The near-infrared luminosity emitted by the old stellar population is fairly insensitive to dust extinction, and is thus considered as a reliable indicator of the total stellar mass of a galaxy (Bruzual & Charlot 2003; Maraston 2005) . In our work, we restrict the distance to 400Mpc as it is reasonably above the limiting sensibility distance of LIGO-Virgo for binary neutron star merger with O3 sensibility (Chen et al. 2017 ). In the version 2.3 of the GLADE catalog, only ∼67% of the galaxies up to 400Mpc have a K band magnitude. As showed by (Norris et al. 2014) , the WISE1 (3.4 µm) luminosity is a reliable indicator of the stellar mass, and the AllWISE catalog (Cutri & et al. 2014 ) is all-sky. Therefore we perform a crossmatch with the AllWISE catalog to increase the number of galaxies with a near infrared magnitude to derive a reliable stellar mass estimation. From WISE1 luminosities, (Kettlety et al. 2018; Norris et al. 2014) showed that the stellar mass of galaxies can be estimated with a mass to light ratio: Υ where M /L ,3.4µm is the mass-to-light ratio in units of solar masses over the solar luminosity in the WISE 3.4µm band (m , 3.4µm = 3.24mag; L , 3.4µm = 1.58 × 10 32 ergs −1 ; (Jarrett et al . 2013)). This approach derives stellar mass with an error of 0.10 dex (Kettlety et al. 2018; Norris et al. 2014) .
Although the value of Υ 3.4µm * can vary from ∼0.5 to ∼0.65 in the literature, this results on small changes on the derived stellar mass and will not affect the ranking of the galaxies as it is a constant ratio. We spatially crossmatched the GLADE catalog cut to 400Mpc with the AllWISE catalog using a radius crossmatch varying with the distance as seen in Figure 3 . The radius is defined as 5% the angular diameter of the milky way (0.0324 Mpc) and we impose a minimum and maximum of 3 and 20 arcseconds respectively. This strategy was chosen to optimize the match at low distance where galaxies can have very large angular size. A same AllWISE object can appear more than once, meaning that there is more than one GLADE galaxy around the given AllWISE object. For such case, knowing the angular resolution of the WISE telescope in the WISE1 band (6.1 arc seconds), we only kept the closest object if it is the only one in a radius of 6.1 arc seconds around the GLADE galaxy. The presence of an AGN implies a significant emission in the infrared and near-infrared (Ruiz et al. 2013; Burtscher et al. 2015; Sanders 1999) , and thus biased our stellar mass estimation for such galaxies. We identify active galactic nucleus (AGN) from the resulting catalog using the mid-infrared color criterion W1 − W2 ≥ 0.8 as used in (Stern et al. 2012; Assef et al. 2018) . This corresponds to 3363 galaxies, that are still present in the catalog but without stellar mass estimation. We use the elliptical aperture photometry flux from ALL-WISE catalog whenever available for the source, otherwise the profile fitting photometry is used. This ensures that these fluxes should encompass each galaxy full radial extent. At the end we obtain the stellar mass information for 743780 objects, knowing that GLADE catalog cut to 400 Mpc have 800986 galaxies we have a ∼ 93% of match efficiency.
Before the conversion of WISE1 magnitudes to stellar masses using the mass-to-light ratio provided by (Kettlety et al. 2018 ), we apply a K-correction to correct for the distance. We use 31 SED templates covering all known type of galaxies, from red elliptical to blue star-forming galaxies (Ilbert et al. 2009 ). We compute the K-correction both Figure 4 . K-correction for the 31 galaxy SED templates for the redshift range 0 to 2 with a zoom-in from 0 to 0.2. The blue solid lines are for the SED templates without dust attenuation, red solid lines are with a dust attenuation of E(B − V )=0.5 mag using the Calzetti law (Calzetti et al. 2000) . The green dashed line is the mean value at a given distance of the K-correction for all galaxies SED considered in this study. The black dashed line corresponds to 400Mpc.
without dust attenuation and with E(B − V)=0.5 mag using the Calzetti attenuation law (Calzetti et al. 2000) . The K-correction is insensitive to the galaxy type and dust attenuation up to z=0.12 as seen in Figure 4 . Given the distance limitation of 400Mpc (z∼0.085) for our catalog, we computed the K-correction at a given distance as the mean value for the 31 galaxies SED templates with and and without dust attenuation. At this range of distances, the effect is negligible, however this will become important for future catalogs that will need to be deeper to encompass the sensitivity improvement of LIGO-Virgo interferometers.
Completeness of the Mangrove catalog
In this section, we aim at quantifying the completeness of the Mangrove catalog in terms of stellar mass. The stellar mass function is well described by a Schechter function (Schechter 1976) , Φ(M), which parametrises the number density of galaxies, n galaxies , as a function of their stellar mass. In this work, we use the low-redshift galaxy stellar mass function derived from the Galaxy And Mass Assembly (Wright et al. 2017) , using a double Schechter function in logarithmic mass space defined as:
where logM * = 10.78, Φ * 1 = 2.93·10 −3 h 3 .M pc −3 , Φ * 2 = 0.63·10 −3 h 3 .M pc −3 , α 1 = -0.62 and α 2 = -1.5 (Wright et al. 2017) .
Following the approach of (Gehrels et al. 2016; Dálya et al. 2018) regarding the luminosity function, we divided galaxies into 12 luminosity distance shells, with a width of 33.3 Mpc. For each shell, we construct histograms of WISE1 band derived stellar mass and integrate the double Schechter function for the same stellar mass bins in Figure 6 . As the luminosity distance increases more and more low mass galaxies are missing. Regarding the double Schechter function derived from GAMA, the new catalog is fairly complete up to 33 Mpc in terms of stellar mass. In this work, we are interested in the more massive galaxies, so we computed the stellar mass, M 1/2 , for which half of the stellar mass density is contributed by galaxies below and above this value. By computing ∫ 13 logM 1/2 logMΦ(M)dlogM = 0.5 * ∫ 13 7 logMΦ(M)dlogM, we find logM 1/2 = 10.674. For all the luminosity distance shells, the Mangrove catalog distribution follows the double Schechter function for logM > logM 1/2 as seen in Figure 6 . Our method is prioritising the more massive galaxies, consequently the fairly completeness relative to the double Schechter function for galaxies at logM > logM 1/2 minimises the lack of low mass galaxies as the distance increases.
VALIDATION ON GW170817 EVENT
At the time the event of the 17th august 2017 is the only gravitational wave event with a detected electromagnetic counterpart so our new method has to be tested on this event.
The GW170817 released distance is 40 ± 8 Mpc, the 90% skymap spans around 30deg 2 and as shown in the figure 2 according to our criteria (see Section 2 for the definition) there is 65 compatible galaxies within. The table in Appendix A shows the results for this event on the selection of galaxies and their ranking according to the standard approach (Equation 1), according to Arcavi et al. (2017) , according to our method with product (Equation 3) and according to our method with addition (Equation 4). NGC 4993 host galaxy of GW170817 is ranked in 5 th position in the standard approach. The (Arcavi et al. 2017 ) grade improved its rank to the 2 nd position and is ranked first with our method for both (Equation 3) and (Equation 4) expressions. These results show that if we had used our grade to monitor this event, there would have been a gain in the speed of observation of the host galaxy. An important thing to see in those results is that the new grades are behaving like expected i.e. galaxies with high stellar mass are prioritized compared to galaxies with small stellar mass (see Appendix A where the list of galaxies for the four methods are reported with their grade and stellar mass if used). We also stress that galaxies with a high 3D probability but without stellar mass information also appear in the list (see Appendix A), for instance galaxy WINGSJ125701.38-172325.2 is ranked in 9 th position, keeping such host candidate is a real improvement of the equation 4 compared to equation 3. GW170817 was quite a lucky event in terms of distance of the source and good localisation thanks to data available for the three GW detectors. However, as the three inteferometers are not always in operating mode, this is very common to have a two inteferometers detection resulting in a poorer localisation (Abbott et al. 2018b) . In order to test our method on a larger skymap, i.e. a two inteferometers event, we choose to use the GW170817 skymap without Virgo data. The 90% skymap spans ∼ 190deg 2 , this is a good example of two GW detectors localisation for which we can be sure of the counterpart host. According to our criteria in Section 2, there are 205 galaxies compatible with this skymap. The table in appendix B shows the resulting ranking for this skymap using the four presented grades. NGC 4993 host galaxy of the event is ranked in 27 th position in the standard approach. The (Arcavi et al. 2017) grade ranks it at the 6 th position and our grade is even more successful by putting NGC 4993 in the 4 th position with both equations 3 and 4 expressions. Those results shows that the gain of our method for the follow up of gravitational waves event is even bigger in the case of wide skymap. This example of wider skymap allows us to see that sometime the (Arcavi et al. 2017) grade and our grades behave differently and even oppositely. For example the galaxy PGC043966 is ranked in 37 th position with the standard grade and, when the Arcavi et al. (2017) grade upgrade its rank to the 30 th , both of our grades (equations 3) and (4) downgrade its rank to the 54 th and 49 th position respectively. We can also note that the (Arcavi et al. 2017 ) grade ranked the NGC 4658 galaxy in first position due to is high B band luminosity but this galaxy is ranked in position 9 with our final grade definition. For these two examples the stellar mass estimation is not as high as the B band luminosity might suggest. Using the B band luminosity in those cases would have led to observe preferentially less massive galaxies. We illustrate the difference in the behavior between our grade and the one from (Arcavi et al. 2017) in Figure 5 , where we plot the stellar mass estimation using WISE1 band as a function of the B band luminosity for the same galaxies. We see that for a given B band luminosity there is an important scatter in stellar mass spanning a few order of magnitudes. It means that the probability associated to a galaxy with respect to its stellar mass estimation can behave very differently for both methods. For example, for the host galaxy associated to GW170817, NGC 4993, we derived a stellar mass of ∼ 2.14 × 10 10 M but galaxies with similar B band luminosity (∼ 10 10 L ) in the catalog span a stellar mass range from ∼ 3.8 × 10 7 M to ∼ 1.0 × 10 12 M which repre-sents almost five order of magnitudes. In addition to this different behavior, we also illustrate the flexibility of the grade defined in equation 4 by noting that using the grade defined in equation 3 would have led to drop out ∼ 13% of the galaxies inside the 400Mpc of Mangrove catalog, and ∼ 5% of the galaxies when using the B band luminosity as in (Arcavi et al. 2017) . Figure 6 . Stellar mass histograms for the Mangrove catalog at different luminosity distance shells compared to the double Schechter function derived from GAMA (Wright et al. 2017) weighted by the volume of each shell. Each panel is divided in 50 bins of logM. The black dashed line represents the stellar mass, logM 1/2 for which half of the stellar mass density is contributed by galaxies at logM > logM 1/2 .
DISCUSSION AND CONCLUSION

Utilisation of the galaxies for the tiling
In this section we present a future development to use the galaxies for wide field of view telescopes. For the optimisation of wide FoV telescopes ( 1deg 2 ) follow up observations the standard approach consists in defining tiles over the sky and ranking them according to a given grade (Coughlin et al. 2018; Ghosh et al. 2016b) . A first version of the grade of a tile you can build is:
where we sum up the 2D probability of the pixels P 2D, pixel within the tile. When using a catalog of galaxies one can define a "galaxy weighted" grade for the tile using the grade of the galaxies:
where we sum up the grade of the galaxies within the tile. In this expression any galaxy grade can be used, such as the expression in equation 4 that will optimise the chance to find the GW electromagnetic counterpart. The biggest issue of this approach is the catalog completeness, which makes this approach valid only below a distance threshold above which one has to switch back from grade definition of equation 9 to equation 8 in order to prevent using only galaxy information at a distance where your catalog is not complete enough.
We present a reformulation of the tile grade using our developments which allows to use galaxies catalog and a galaxy weighted grade at any distances. From Section 3.2, we are able to define the mass completeness of the catalog, C d1,d2 m1,m2 , between distances d 1 and d 2 for a stellar mass range between m 1 and m 2 comparing to the double Schechter function:
With this parameter defining the completeness, we can define the grade of a given tile by:
where the first sum over all pixels inside the tile, the second sum over all galaxies falling in the 2D location of the pixel, P tot,gal is the grade of a given galaxy defined in Section 2.2, P 2D, pixel is the 2D probability of the pixel, d 1 and d 2 are chosen as µ pixel ∓ σ pixel respectively and m 1 and m 2 are fixed to 10 7 and 10 13 (stellar mass range validity of the Schechter function fitted by Wright et al. (2017) ). This expression removes any distance limitation for the use of galaxies weighted tiles. Note that with this expression we simply sump up the probability of the galaxies within a tile when the catalog is complete, whereas we sum up the 2D probability of all pixels within a tile when the catalog is not complete.
Conclusion
The electromagnetic follow-up of gravitational wave events is very challenging, the poor localisation of the source provided by LIGO-Virgo forces telescopes around the world to observe large areas of the sky. As the electromagnetic counterpart is expected to decay rapidly in luminosity, an optimisation is required to perform a rapid and efficient followup of the skymap. Recent developments in both catalog of galaxies and galaxy targeting strategy already optimised significantly the follow-up of such event. Our work provides an efficient tool to upgrade in one hand a catalog of galaxies by adding the stellar mass information and on the other hand the galaxy targeting approach with a new expression of the grade using this stellar mass information to select and rank the galaxies. We crossmatched the GLADE and AllWISE catalogs to retrieve the WISE1 band luminosity to determine the stellar mass of ∼87% of the galaxies inside the GLADE catalog up to 400Mpc. This catalog is complete in terms of stellar mass up to ∼33Mpc, and up to 200Mpc if we consider galaxies contributing to half of the stellar mass density. The new formulation of the grade presented in this work allows not only to use the 3D position of galaxies to select them but also their stellar mass. We tested and validated our grade on the GW170817 event by showing an improvement on the ranking of interesting galaxies, i.e. massive galaxies, where NGC4993 is ranked first. This work plainly encourages further developments of the galaxy targeting strategy including other physical properties of the galaxies, for instance by focusing low SFR galaxies, but such development are slowed down by the poor number of information available in the publicly available galaxy catalogs. The Mangrove catalog is publicly available at https://mangrove.lal.in2p3.fr, and this dedicated website automatically generates the list of galaxies, ranked by our new grade, compatible for each BNS event below 400Mpc, and observable from a given location on Earth. The improved grade presented in this work is implemented in the widely used gwemopt 1 python package (Coughlin et al. 2018) , developed to optimize the efforts of electromagnetic follow-up of gravitational wave events. Table A1 : Ranking of the galaxies compatible with the GW170817 skymap according to grades defined in equations (1), (3) and (4), and the grade of (Arcavi et al. 2017 ).
APPENDIX A:
Galaxy name
(1) (Arcavi et al. 2017 APPENDIX B: Table B1 : Ranking of the galaxies compatible with the GW170817 without virgo data skymap according to grades defined in equations (1), (3) and (4), and the grade of (Arcavi et al. 2017 ). 
